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GaN (1^A1>0) •efc«ifc«:1*«tt1-S»#3S6K:aB«©S'fb* i f i *#* : ? : 0>f 

[«i8©i¥«II&f893] 
[0 0 0 1] 
[«9!©M-?-&t£lfi#»] 

[0 0 0 2] 

[sejR^sffi] 

(GaN^^tt : AlxGayInzN(OSx, y, z^l, x+y+z=l)) l±flf!te#&^ 
lCf}fc>4V W&$lbfc$f>f F (LED) „ »feLED*^jaft£4xT^5. ft 

7*4 xirmMtottMitafctoK:* 400n««{cSM^:Rfc£i-*4MIM*i/---!f# 

mmz tix « y . GaN**** t -r * i/ - if #a b a 

[0 0 0 3 ] 

08^i^-^f|6^*^^«$tlTV^SGaN^^##:b-•9 i OD«)gKTBHT'fe-S> D -fr 

yy^7mmoi±izmm±m%mm^m (movpe^) jcfcyGaii,*? 77*802, 

n-GaN«803, n-Al Q 07 Ga Q _ g3 N#H 1 ? ^ y F®804, n-GaN«fc 1 fttf-'f FJf805, Ga 
H£ In x N/Ga l-y In y N (0<y<x<l)7b^^S#Sa^-?f : ^?S'ffiS806, p-GaN3S2#jtf 
-f F»807, p-Al 0 _ 07 Ga 0<g3 H«2 FM808, p-GaN3 > # ? hJV809#J&fi 

^LTp-GaN3>^ » hJS809_hfC*i3jb^lO^ ? D >SStf>i|lS© 'J y v> 
X h5>fy810;8«JBJ*a*u -f ©IfifflMiiKsf R8111C i oTIftiiihS. 
U 7^ h^-1'-7 p 810fcJ;t>*iiif5»m811JblcM^tfNi/Au^f>^-g>pSffi812, * tc 
— SP & n-GaNS 803#3f ffi f -5 * 7? x. y ^ > ^ U fc fC Mx. l*T i / A 1 A* £ £ nl 
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«813*^*3tl-6 0 #*^tCfc^TnS«813£gi&U pm«812*cmi± Z W *1 
[0 0 04] 

MOVPEffiS:MV^TGaInNS:^SS^:^>le^C^i. J**fiKS:8001Cga^ U * £ 
* ^ y 7*Xt LTSiSffl^S - fctfl* bv* (7^7>f F- !✓ 
(Applied Physics Letters) , ^59^, p. 225L 1991^) 0 ZftKM 
L, % A10.07GaO.93N* 9* KM^GaN^rtf >f KM* if OlOOOTC 

■feXtt. «^tf4*M¥6-196757#^*^4#W^6-177423^^«K:iB^anT^S 
. if 7 T-f rS«80lS:**S:SEba5*<&1050r;7?|ia«t3lU Rv^xifiaE&sioTc 
^-eTtfS/S^^T^^E — T (NH3) thU^fMU^A (TMG) SrSSbTGa 
NA^7TM802S*i«t'rS- GaNAy:7 7*802j$fi«L TMG£)£t#& SrflMfc U 103 
0TC*-C#fiS*, UTtfXilbT* TMG, (SiH4) S: 

ttl&bTn-GaNjf ^n-AlGaN (AlGaN<Z>»-&. I II«K»:*fX tt h U * ^/I/T /b S - 
^Z* (TMA) . TMG) £j&:R2-££ 0 -fCD*. «»:*fX <D«» felb», SS£800 
TCKibT^^UT^SrfiiRtcfll lll»K»*f* i: bT h U **;i/>f > 

(TMI) ^TMG$:#t^LTGal-xInxN/Gal-yIiiyN*K (#S*^* #Fr£tt*7 
06) Sr^«^it^ 0 #«*^#^?S'ffiS806^S^ IIIIS«»3tf^©«i(&S:ih» 
. f?^fiSS:1020 , Ci: bTTMG. TMA. */ V n ^ > # S^xr.^ V >f % 1/ V A (Cp2M 
g) <f S:«j»bTp-AlGaN«^>p-GaN«S:rt;SS"&-£>o Gal-xInxN/Gal-yInyN»K^S; 
^<m020T;^CD#SO^tf)^K£ bT. GaN® (#18^9-186363) ^AlO^Ga 
0.8N« (M^H - Vv-Tft • iff - T7^4 K • 7>f i/^X ( 

Japanese Journal of Applied Physics) , ^35#. p. L74. 1996^) £Jt*St~ 

m~1.5at«SK^;faJE^^;^ffl^nTV^ 0 



3 



ffifflE# 2000-3084413 



11—299640 



[0 0 0 5] 

[0 0 0 6] 
mWtfMW: L J: ? £ -f * XjB] 

j*fi©IR©#**0:, in&^tf-TSJS (BP*>#M*^-#F?£'f£S80 

6) tlnSr^b^V^M (GaN^AlGaN) ffi^f 'J7^AWi5Ii:t'$i5. BO 
#©j*:R©BK:ttg*«:J8v^ tft#©*£tt#**JSv*&:rfctf-«ttT?*&. 
4M^l/-tf©f£l^£#*RfcfcM*"SlKK:U:3rir U 7:ff;*8:Jfe#T?«jy #*. 

©|R£fcniI|£:tf:%©ftttttfr±bT£y, 9x/\li|§BJ*ft&*?oTV**V*¥ 

ititcfA^t^sifis. jp*R»k:;I3v*t, loooTcgStfms-^iftffi 

So 4#&C» #fi*?-#FiSttM806f£Stu©T%©n-GaN^n-AlGaN (#|§¥6-196 
757^^ J ^>#ra¥6-177423#^^Cj5V^T^±Alffifig;[i0.1) ©SS©^bl±, # 

**^»^ffis«706©,aK»eT?:ai^e^b, m^v*-- 

[0 0 0 7] 

yTMA&tfCp2Mg#NH3#;* fc^CfflSfS LTi*CKff*«»*fiCM , C ; £ t\ J* 
h^ffiSgtcfiTLfe y, pM K-A> ST?&SMg#ifc;&iJ3*ifcv^©ISe 

[0 0 0 8] 

©JSttM^^^wMiaw^^taKroffii-hJI^iiXRSw^SMtcJ; y, #tt©«ftfe 
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[0 0 0 9] 

mm & & it &> ©*aj 

Sft W^ttiR^fcfEH-r £ Sot, K£fcft¥#ttff &sus * is® 
v % -T © IQ K <o ± fr<=> 9Sr.<DM9 ffl^JBE * ^SE Jg 1" * IS 
?:^-r-g>3i:5:i|tMi:-rs 0 3 4: ic J; »J, 

#{C. il>«:<ii%InS:AW-t**SttMS:*iKJEE«J:©inffi««[Tfrit*b, ffi©S 

©«****#«*«£*:*. 
[0010] 

[001 l ] 

©#H*,fitiJ & *«JSE« Ji©*£EO«SHTa«K:« 'J 3 t IC J: y 

[0012] 
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[0013] 

[*ftiJ!<z>&%<z>2?tt] 

jg*ai±, fi-fttt^^fltoritjt^rffitt^aiAjiijMBriisa (movpe) &(cfs^-r 

4*fflTfttft<, /W K9>f KftffidWtt (H-VPES) ^^«xtr**2/-j5fe 
(MBEfe) ft if. fiftft4 s ***S:riESS**fc«>K:r*l*T«3B3nT^»^ 

T©#&tC&ffl-e££„ 
[0014] 

(mrnnw-M i ) 

[0 0 15] 

H 1 (a)JCfc^T. MOVPE&ICJ; »J -y-;7 T-f TS«101Ji(C500iCT'TMGtNH3i: £ 
«i&bT/*?7TJil02«:*iat-r<&. *©&. 1020*C*-e#aS-e. TMG, SiH4, 
TMA^£#t*&bTn-GaN=l>^iJ' HS103. n-Al0.1GaO.9N^ ^ KM 104, n-GaN# 

KM 105, n-A10.2Ga0.8NMl06£^S$-ar-5o 3.©|SI©^-V U T^f^ttilC 
TKigT-feU, fSS£E*tt*5300Torr (*&0.45lffi) T'*>-S„ -?-©&, IH^JSfW 
^©«#&S:ihA. E*£840Torrlc, &JK£780T31C LT3f -V V T#X £^5lliCt?J 
y#jt, 02(b) tC^i:e>lC TMG £SiH4&{!U&LTn-GaNMl07, TMI i: TMG £ 
LT«SttMl08feriE*a-tt*. *SttMlO80>jafift. 01(c)©J:3K:Mt:lO2O , C 
*"T*#»Lfc#e>TMG„ TMA. Cp2Mg4jife«|&LTp-AlGaN?SttM5lS»*IIf!lMl09S: 

IIIi£Kf4#;*©£M£ : &{?!tLT, £E#fem*400Torr 
p-GaNft #>f KM 110, p-Al0.1Ga0.9N? ^ >y KMlll, p-GaNn > 9 V Mll2i^ 
tS-(4Ml08liAlGaInN^#M*-f-^^T'«ifSStlTfcy. *|gi6^JT*li 
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3n«ff®InO.O9GaO.91N#^«fc6n«ff©In0.0.1Ga0.91N»eM^3SJH**S4xT 

V^#S*^#F#^£SV^c 0 fStt*108JCttSi^E(Z)K-^> 
StlTV^TfcttfofcV*. 780°C IC £ £ ^ ^ U 7 

[0 0 16] 

H2tt|JIBEE*Rr3EaM0VPEK*©«^l2"X?*S. S^^Xf> l/X^6l£^S: 

«*^**ifi«J:T»a)^x(oi*^jt*y *»«^&fe»jc. sir. **. r;i/=? 

«»201ftfflV^Tfc-*-202-CjD»i--6o *»*ttn-* U -d<>^209i:S/S 
«206(Z)|B{CBIffl«SiI»^SS^>^^* >^^^^208S:#Ab. &J&1f206 
©E*S: i En*-'r6flE*tf207i:a»a*T, WBHffi bT. 

[0 0 17] 

GaNn>^^ hSH2fe<fct»-Al0.1Ga0.9N^^^ KSlll £5 $ # P >SScD(g(Z) 

GaNn>## hMll2_fclCp«««302£7gJ*U * n-GaN 3 > # ^ hSl03<D— 
*«Bfl}t6 Jt'X7f>mo fc*ffilCnflf««303*^*S tl^ □ **^&C 33 
V^T«««S3034:iHir«S302a>iaiC«ffiS:Blpr-rSi:. *Stt»108lC6J#oTp*[ 
tt«302ffl** *fcnfl(«S303ffl!l^&«^aAS*l. JSttW 108^7? 

*^«»fe^C. 405nBCDjft«T?U— yRSSrSii-. 
[0 0 18] 

[0 0 19] 

04(a) H:AlGaN<Z>J&Rl/- h 4:#H*tffi;& £ (Z)BB«T?S>So ffi##i«<fc£>K: 
ttv*i/- h^ffi5gic^^-r^^i:^t)^ofc 0 HtRlc* 04(b) <te> tcpSG 
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U #&CTMA£NH3. *fctiCp2M«i:NH3i:*^ISjRlSS:ewL/ J f>'t^ 
^feic*«±JCM«^^*^^«^T^^<^^^^^MH^#Ae>ti^ 0 H4( 

^GaNJKilcajS-rsr fc*^fc^ofeo t¥oTp-AlGaNC0«*lCJ4«£E#HaT*^ 
[0 0 2 0] 

— #In?:*tfAlInGaN*(Z)^8;S-ett. InN^^^CEE^lS^fc^Xca^lSH-JC J: S 

> B^CiftJffiMOVPEffi feftTV**:,, b^b&^&Mti^^SfcEAttS 

IC-gT^ y, JiffiO)J:e>lCAlInGaN*»tt»©KaKffi&«t>^o-t<Z)«JCtt 
< i^aNfttf i^AlGaN©«S©IB{Cft«*TCO*ra J RlS«I^ £*JS b fcB£*« *J S 

[0 0 2 1 ] 

840Torr©ftIffirtSK:fiV^T4»IHfijK&aiWt-SfefeJC^ 
[0 0 2 2] 

?it% *»9icD<te>K:E*nr^fflM0VPEi£S:Mv\szii:lc < fcy. in&^tjis 
tt*ttEEA Sr*feTa*i6 W*©^«^a5 < . 5 £ i: \z i y ft 

£ fr x. -5 z. t # "T IB i: & o fc . 
[0 0 2 3] 

In*<D?gffiJf fe«*Lfc«. pffi<DGaN;*M KS ^AlGaN^ 5 y KJI&fSttJfJ: 
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y=fei«s;froifiET?#*-r state, pmMG^^mtn,trsitmt.m^ua&(D^^m 

< -tii tf, «1£JI£ft8iffigj* hit co«£|g £ +#lc tifcit « Mg K - ^©p 

S?AlGaN#J&R-e£S„ In^r^tfJSttM £p-AlGaNT'SV^ < 1±«, 'rt'fIJi 
[0 0 2 4] 

— 9 s CD L£ VtHttffitf i|&l/2lC*£ < fl£*fe * fc. 
[0 0 2 5] 

t?pSAlGaN?:Bi;<teCOST'tt^:Mffii:^I^«J:C0S£*t^«LT : foSv\ 

* b T A * 1/ - h £ T tf * AS C & fr o T * <fc V % . 
[0 0 2 6] 

[0 0 2 7] 

[0 0 2 8] 

f£U GaNU -y h^W-7 p 602&a^gi: UTn-AlGaNM603, n-AlGaN^ 5'yK 
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£E*ttlOOTorr<Z)«ffi-e. n-AlGaNjg603. n-AlGaN? 5 y K*604<D*RgfiKte-?- 
tl-f 4X950*0. 10501C-efeSo U y h v>f :/£«*gSi: bTAlGaNM603<D*g 

offi^^ffi (400Torr) K: bTK»H±©*S8S:WATaie*^&— «(C«# 
ft (ISSWJCW) i i fc**H^flfl Lfc. SIC 

. (Sfi^«*bfcAlGaN*ttcttffi|«fi*<D»8»tt^fiV^T, r*l,k »J *&10(TC 
gSffi^S^tCfe^Tn-AlGaN^^^ F»604&J«fi't£ £ fclC «fc UIV^TO 

[0 0 2 9] 

J: e>lC*7T>f T±tC*S bfcn-AlGaNtCJt^T*&2*egK. ^S^ftlCfcfc *J ^ 
K#f£i*S:ftTV*£Zfc«:«iBbfc. &33. *»BT?tti«tt1>'7 7>frTSl 
bfc#. SS&lf 7T>f TJ«^C*;SiC. Si-e%*t>&V\ 0 GaNU-/y^h 
^>f y^Al^In$:^AyT^TtjAlGaNMoa^ftlC^ *J #-5 <D ft V\, 
[0 0 3 0] 

*(C|gjlS«li:H«ltC. n-GaN#>f K«605, InGaN/InGaN#M:i:^#F?£<ft Jf60 
6. p-AIGaN^58«lMM607 x p-GaN#-f K«608, p-AlGaN*^ *y K«609. p-GaNn 

hM610S:)RSt«SU pfflJflC U y ^ &»«bTj»«a613T?««SSllE*S: 
fr^. *«ic»««6iK ^m«6i2^^^t-^ 0 «*ffi*ttSS»«ii:H«lcinG 

aN/InGaN#fi*^ #JR?Sffi*606tD^Sfimf^840TorrtC^f U fx., p-AlGaNjRJfi 

»«*607<D«*«. Bl)P«EE400TorrlCflayeA*. 
[0 0 3 1 ] 

1 H«tC P ®GaNS:OfpSAlGaN £ I& < ft (Djf T? l±**CEE H«JBJLkG>E#"e/»fi 
bT*>&V^o 

[0 0 3 2] 

B*«C0n-AlGaN^9y KJS-tlCfljffiK4cInGaN3R#Si J f-#^S:f^S'X*S. #0 
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[0 0 3 3] 
[0 0 3 4] 

« V W X ^ © m tt S: ffcft 3 * * IS K * * » « © » * » * £ V * ' £ »± W 5 

[0 0 3 5] 
[fS9i©3&*] 

- Ko^5(c)fe'(tt:ffl<«ffitf , iasjssiaa-r*iii36i«-es6©Tf, ig^^'-Y^-- 

[0 0 3 6] 

**8iH©2ft*##f*iR^©»3i:#«6tt, GaNU ^s?xh5>f 
fe « ^ T £ £ *DBE t © MT?fl »J #*. £ T. t iz J: y S^figfttr 

[Hi] 

#5818©£ 1 ©^©^fc^-TGaN^Sgflc U— ^©JBiS^ffi&XglHlCa* 
[02] 
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[03] 
[04] 
[05] 

[06] 

*^cDSi2^ig^<^ii£^t-GaN^ 

[07] 
[08] 

[ff^SfclB] 

101 •*yyy-i7W8k 

102 A'^7 7l 

103 n-GaN=I>^ ^ hS 

104 n-Al0.1Ga0.9N^ y FS 

105 n-GaNJfc#>f KJB 

106 n-Al0.2Ga0.8N® 

107 n-GaNS 

108 rStt* 

109 p-AlGaN^5§«Jf[|M 

110 p-GaN^^/>f K« 

111 p-A10.1Ga0.9N^y K* 

112 p-GaNn># ^ h« 

201 mnn 

202 t:-#- 
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203 S« 

204 ifir^^- 
205 

206 SiS^ 

207 JEijff 

208 

209 n-*U-3j<>^ 

210 SEtfXMtS* 

301 Si02 

302 p{H9Sffi 

303 nltft 

601 t77>f7il 

602 GaNU y^X h^-f ^ 

603 n-AlGaN® 

604 n-AlGaN^^y KS 

605 n-GaN#>f KM 

606 InGaN/InGaN#fiS^#FvSf£;§ 

607 p-A 1 0 . IGaO . WMfflftfflM 

608 p-GaN^f>f FJS 

609 p-Al0.07Ga0.9.3N^^ y KM 

610 p-GaNn> # 9 bM 
611 

612 mnm 

613 *fi|SR 

801 f 

802 GaN/W 7?I 

803 n-GaN® 

804 n-Al0.07Ga0.93N^ 1 9 ^ V KS 

805 GaN»l 3fc#>f 

1 3 ffltElf 2000-3084413 
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806 

807 GaN^ 2 ##>fKS 

808 p-A10.07Ga0.93N|g^ 2 9 ^ V F 

809 p-GaN=J>^ ^ hJI 

810 ijy^h7>f^ 
811 

812 p«ffi 

813 nil 
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% % * s 



X X X N % % 

V N \ X S 



104 n-AI (n Ga a9 N95j<HI 
106 n-Al a2 Ga a8 N» 
•105 n-GaNMYHl 

- 1 03 n-GaNzO^ M 

- 1 02 JtsOrp-* 

^ 101 MZ>y<<7&6L 



(b) 



x X X X X X X X X X \ v 
\ V ^ \ ^ \ 'v * X N 



1 0 8 

.107 n-GaNJ 
-106 

105 

1 04 
103 
102 
101 



(C) 



S S S S S *~ ' ' 

' , * * ' * 

s s s 

' ' ' 



111 P-Al a , Ga ag Ni75»K« 
1 1 2 P-GaN3^99H 

1 1 0 P-GaNefctf-fK* 



V V'\ V V V \ V V Y Y v 

f >f jf j/ j/ ;/ s/ v> // JJ 



\ Y Y V Y Y Y Y Y Y Y > \^ 
X Y X Y N Y Y Y Y % Y _ ^ 



/ 109 P-AlGaN*«*WW« 
108 
-107 
106 
105 
104 
-01 03 

\ 102 
101 
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[05] 




I 

13 



I — 5>JUSS«: 20~40s Im 



[H6J 



q A ,R 

/ \ / \ 

a 



P.. 



h-£JMM: 40s 1 nua-t 



604 n-AlGaN95*K* 
603 n-AIGaNl 




60 1 *SZ)?<<7W& 
602 GaN'J.sWhS'T? 
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[H7] 




606 I nGaN/I nGaN#«*f#FS1t* 

-Alo.o76ao. aaN25n 
P -GaN;tf -TK» 
607 P-Ala. iGao. 9 N*5IW1W» 

6 05 n-GaNtf-CKJi 
604 n-AlGaN95»H* 

6 1 2 



613 



602 GaN l Js'^h5-<^ 



602 



603 n-AlGaNf 



601 1tZfj"(J 7 &g. 
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